A swarm of minette and melanephelinite dikes is exposed over 2500 km 2 in and near the Wasatch Plateau, central Utah, along the western margin of the Colorado Plateaus in the transition zone with the Basin and Range province. To date, 110 vertical dikes in 25 dike sets have been recognized. Strikes shift from about N80øW for 24 Ma dikes, to about N60øW for 18 Ma, to due north for 8-7 m.y. These orientations are consistent with a shift from east-west Oligocene compression associated with subduction to east-west late Miocene crustal extension. Minettes are the most common rock type; mica-rich minette and mica-bearing melanephelinite occurs in 24 Ma dikes, whereas more ordinary minette is found in 8-7 Ma dikes. One melanephelinite dike is 18 Ma. These mafic alkaline rocks are transitional to one another in modal and major element composition but have distinctive trace element patterns and isotopic compositions; they appear to have crystallized from primitive magmas. Major, trace element, and Nd-Sr isotopic data indicate that melanephelinite, which has similarities to ocean island basalt, was derived from small degree melts of mantle with a chondritic Sm/Nd ratio probably located in the asthenosphere, but it is difficult to rule out a lithospheric source. In contrast, mica-bearing rocks (mica melanephelinite and both types of 
INTRODUCTION

Mafic alkaline igneous rocks provide important information
In this paper, we present data on the Wasatch Plateau dike swarm, parts of which were first described by Spieker [1931] Here, it is sufficient to note that a simple classification useful in the field recognizes two types: first, a hard, dense, black, mostly fresh rock containing phenocrysts of olivine, clinopyroxene, and, in some dikes, phlogopite; such rock we call melanephelinite. Second, a generally altered, nonresistant rock containing abundant phenocrysts of phlogopite which we call minette. Two varieties (see petrology section) of minette occur in westerly and north striking dikes that are, within analytical uncertainties, 24 and 8-7 Ma, respectively. Less common are two varieties of melanephelinite in westerly and in west-northwest striking dikes, one of which is 18.3
Ma (Figure 3).
Relation to regional magmatic trends. The mafic alkaline dikes in the Wasatch Plateau are associated with two major magmatic zones. One is the roughly north-south trending, diffuse zone of Tertiary alkaline rocks that extends from Canada to Mexico, borders the craton [Barker, 1974] and is located predominantly just east of and parallel to the Mesozoic thrust belt [Sullivan and Best, 1986 ]. The second is the west trending Tintic-Deep Creek magmatic zone in the eastern Great Basin described by Stewart et al. [1977] Conventionally, the least principal horizontal stress during magma injection is interpreted to be perpendicular to the dike [Anderson, 1951 ] (2) [1989] in that they contain essential nepheline and, in addition to the phases in the matrix noted above, traces of phlogopite. The nepheline occurs in thin, dike-parallel veinlets and as small grains in the matrix. A few samples have rare residual melt ocelli composed of plagioclase and calcite and some others contain late vapor-phase zeolites. All of the melanephelinite dikes strike west northwest and one dated sample is 18 Ma. Second, 24 Ma mica melanephelinites have major element compositions like melanephelinite of Le Bas [ 1989] , but mineralogically, they are transitional to the minettes of the dike swarm because they contain as much as 20% phlogopite as phenocrysts and in matrix ( Figure 5) ; also, K-feldspar and analcime occur in the matrix rather than nepheline. (Table 3) . Each dike type possesses a distinctive chondrite-normalized trace element pattern (Figure 6 ). These systematic differences in major and trace element concentrations, patterns, and isotopic ratios (Table 3) 
Nature of the Mantle Sources
If the primitive character of the Wasatch Plateau magmas is accepted, they reveal information about the mineralogical character of their sources. As reviewed by Edgar [1987] and Green et al. [1987] , it is difficult, if not impossible, to derive minette from normal dry lherzolite; rather, H20 and CO2 seem to be required and must be present in some mineral in the source rock. The experiments of Esperanca and Holloway [ 1987] with a minette composition slightly more felsic than those described here showed a nearliquidus assemblage of olivine, diopside, and phlogopite. Accord- ingly, we suggest that the Wasatch Plateau minettes were derived from phlogopite-bearing sources. In fact, the low Ba/Rb ratios of the mica-rich minettes are consistent with mica remaining in the mantle after partial melting. Residual apatite in the source of the mica-rich minettes may also be indicated by the relatively low LREE concentrations and high P205 concentrations. In the source of the young minette, apatite and phlogopite may have been consumed during melting, yielding higher concentrations of LREE and higher Ba/Rb ratios in the melt. This could explain the different trace element patterns (Figure 6 ) for the two types of minette without appealing to major differences in trace element concentrations in their sources. An alternative, and favored, explanation is that the minette source had an intrinsically different trace element pattern than the source of the mica-rich minette, including stronger LREE enrichment as suggested by the low Nd isotope ratio in PIN-2. For the melanephelinites, a source dominated by clinopyroxene and amphibole is suggested by their sodic (rather than potassic) character, their low alkali abundances, and Rb/Sr ratios; experimental evidence showing melanephelinite is produced by partial melting of amphibole peridotite [Egglet, 1978] , and the studies of a suite of alkaline lavas that included melanephelinite by Francis and melting of a LILE-depleted mantle source [Wood, 1979] can produce the general levels of incompatible element abundance, but some details are not matched (depletions of Rb, K, and Nb compared to Th and La); either the mineralogy of the assumed residue or the trace element pattern of the hypothetical depleted source is inappropriate. In addition, the Nd and Sr isotopic composition of the analyzed melanephelinite is slightly shifted away from the field of ocean island basalts (Figure 9 ). We suggest that primary magma, derived from asthenosphere having characteristics of the source of ocean island basalt, interacted with enriched mantle lithosphere to slightly modify incompatible element compositions and isotope ratios; such slightly contaminated magma might have formed the melanephelinite dikes. If the isotopic ratios of the mica-bearing dikes reflect the composition of parts of the lithospheric mantle, then it appears that the lithospheric mantle became enriched shortly after or while the overlying crust formed during the Proterozoic, presumably by subduction zone processes [Condie, 1986] Melanephelinite was probably generated from an amphibole-bearing source with strong depletions in Cs, Rb, and K and little or no depletion of Nb, Ta, or Ti. Because of the similarity of the melanephelinites to ocean island basalt, we suggest that their source was in the asthenosphere. Mineralogical and elemental gradations between melanephelinite and both kinds of minette are consistent with varying degrees of interaction of melanephelinite with enriched lithospheric mantle to produce the range of dike rocks. We suggest that melanephelinite magma was produced in response to foundering of the subducting Farallon plate away from the lithosphere and the consequent back flow of asthenosphere into the zone above the plate. In some dike intrusion episodes, melanephelinite magma interacted only slightly with the overlying enriched lithosphere; in other episodes, interaction of melanephelinite magma with small melt fractions derived from the lithospheric mantle may have been more extensive, producing mica melanephelinite, minette, or micarich minette. In this scenario, melanephelinite provided at least the heat for, and in some instances significant mass to be contaminated by, lithospheric magma generation. Such a two-source model can account for the world wide association of melanephelinite and minette in intracontinental setting s. An alternative that we cannot completely exclude is that all of the magmas were derived from partial melting of lithospheric mantle enriched by metasomatism during the Proterozoic but to significantly varying degrees. This model lacks a source of heat for melting of lithospheric mantle. Late Tertiary extension in the Colorado Plateaus province was small and unlikely to have caused significant melting by decompression. In either case, it is still unclear to us why Tertiary magmatism in the Colorado Plateaus province was episodic and of such low volumes compared to adjacent areas to the east and west.
The Wasatch Plateau dike swarm is but one of many Tertiary alkaline magmatic loci that define a diffuse north-south zone from Canada to Mexico just east of the late Mesozoic-early Tertiary compressional fold and thrust belt. Although broadly contemporaneous with subduction activity off the continental margin, and therefore conceivably a consequence of it, some magmatic centers may have been active after a subducting oceanic plate no longer underlay the locus. This possibility, plus (1) the poor temporal correlation between alkaline activity in Utah with zones of spatially related, presumably subduction-caused calc-alkaline activity to the west in the Great Basin and, especially, (2) the growing body of elemental and isotopic data indicating derivation of alkaline magmas from anciently metasomatically enriched lithospheric mantle indicate that the sources and/or processes of alkaline and calc-alkaline magmatism differed.
